
o\v co, c~olltc~nt ant1 I'CO? of T"" the blood of newhorn infants, as 
compared with that of adultq, have 
been frequently These 
findings have h e n  the basis for (1) 
the concept of a persistent mctaholic 

( 2 )  a theoretical explana- 
tion of the respiratory drivc,j and ( 3 )  
speculation concerning the utilization 
of anaerobic metabolism for energy in 
the However, the blood 
of women during the last trimester of 
pregnancy also shows diminished C 0 2  
content and I ' C O ~ . ~ - ~ ~  Tlie cause of 
this change is no t  knon-n; i t  has been 
attributed to l i ~ p e r v e i i t i l a t i ~ n , ~ ~  and 
to the effect of p r~ges t e rone , '~  Total 
plasma base is reducrd by 8 mEq./L.,'O 
hu t  plasma organic acids arc nornialll 
or rediiced.'o It is the purpose of this 
papc'r to coiiiparc thc acid-base balance 
of ncwborn infants with that of preg- 
nant women and to discuss tlic possihlc 
significance of this relationship. 

MATERIALS A N D  M E T H O D S  

Uiiihilical arterial bloods were col- 
lected from clamped segments of um- 
bilical cord and were taken to reprc- - 

From the Anesthesiology Service. Tlic 
Presbyterian Hospital, Sloane Hospital for 
WOmen. Babies Hospital, Departments of 
Anesthesiology Obstetrics and Gynecology 
and Pediatrics, Columbia University. Collrrc 
Of Physicians and Surgeons. New York 32 .  
New York. 

This  investigation was supported by R Re- 
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sent the status of 1 1 1 ~  iiifiint's 
a r t t~r ia l  l)lood a t  t l i c l  ciid of' 1 )ar t i i r i -  

tion. Tile mi lyscs  of tllesc. ljloods 
have h e m  pi.esentcd.'G Liel't atrial 
sainplcs were draivii f rom 1icwboi.n in- 
fants diiriiig the  first hour after 1) i r t l i  
o r  a t  the third hour and again at all- 
proximately 24 hours, during atrial 
catlictcrization via the nmbilical vein. 
It was not, teclurically possihlc to sain- 
plc all  infants serially. All infants 
ivcrc quiet d i i r i i i g  the procedurc. 
many of them sleeping. All weighed 
over 2.500 grains :tiid were born vag- 
inally 01- hy c ~ w i ~ ~ i i i  section of nom 
diabetic., nontoseniic mothers. Only 
l~loods of infants wi th  an Apgar 
score'7 of G or lwtter were reported. 
All infants received routine nnrscry 
care, n-liicli inclndetl a fceding of 
glucose n a t w  a t  ahout  8 lionrs of agc, 
a n d  formula or  hreast feeding between 
1 2  and 24 hours. 

Matcrnal aiterial blood samples 
were drawn at the time of secondary 
cesarciiii scctioii of mothcrs ivlio werc 
not in labor. Sections were performed 
undcr regional anesthesia. Dernerol, 
50 nig.. aiid scopolamine, 0.4 mg., was 
tlic usual preniedication. given an hour 
hefore surgery. No bloods are rc- 
portcd of any mother who was hyper- 
ventilating or restless, who had re- 
ceived inhalation anesthesia, or  whose 
face had been covered with a mask 
prior to sampling. 

395 
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OXYGEN 
SATURATIOX 
(PER CENT) 

Bloods were collected anaerobically 
in greased syringes, the deadspaces of 
which were filled with a concentrated 
heparin solution. They were rotated 
through ice water until analyzed. 
Oxygen satnration, pH, carbon dioxide 
eontent, and hematoer~t were deter- 
mined by methods previously de- 
scribed.16 The pH of atrial blood spec- 
imens was measured at 3 7 O  C. and was 
eorrected to deep rectal (6-7 em.) tem- 
perature, aceording to the formula of 
Rosrnthal.ls The Pco? was calcalated 
from the Henclerson-Hasselbalch equa- 
tion, using pK’ and solubility coeffi- 
cient of CO, corrected to the infant’s 
body temperature according to the 
values of Severinghaus and his asso- 
ciate~.’~’ 2o The Pco? of the other 
bloods and the buffer base (BB) was 
determined from the Singer and Has- 
tings nomogram.21 

RESULTS 

The results of the blood gas analyses 
are shown in Tables I-V. The mean 
values for 12 maternal samples (Table 
1 )  were pH-7.39; plasma CO, con- 
tcnt--19.96 mEq./L.; Pco,-31.7 mm. 
Hg;  and B B 4 1 . 8  mEq./L. of whole 

(’0: C O N T E 4 T  
MEQ./I,. BUP’FER BASE 

prr BLOOD YtXo, xx. HG PLASMA MEQ./I,. BLOOD 

blood. Despite our maternal control 
subjects not having been in a basal 
state, our value for Pco2 was in good 
agreement with the alveolar Pco2 ten- 
sion determinations of other authors, 
which are tabulated below. 

Author Pco,, mm. H g  
Rowea 29.9 and 30.9 
Goodland et 21.14 30 (approximately) 
H. and E. Bouterline- 

Present study 31.7 
Young15 30.9 

Otir value for  arterial plasma CO, 
content was somewhat lower than the 
venous plasma values of other authors, 
which are tabulated below. 

Author Ptasmm CO,, mEq./L. 
Dennis and King9 23.1 (venous) 
Oard and Peters10 22.1 (venous) 
Stander et al.11 21.8 (venous) 
Muntwyler et al.12 22.7 (venous) 
Present study 19.96 (arterial) 

Our value for pH was within the 
normal adult range and confirms the 
findings of Kydd.22 

Thr data of Tables 11-VI indicate 
that the infant is subjected to a period 
of anoxia, CO, retention, and acidosis 
(luring parturition which recede rap: 
idly after birth. At  24 hours of age 



SATURATION HUFFER BASE 

~i~ Cesarean 
42.1 ')r - J,,,~ Cesarean 23.9 7.27 53 43.J 

Dod Cesarean 30.9 7.30 50 25.7 4 x 0  
as Cesarean 47.8 7.26 49 23.8 40.9 
jac Cc~arean 30.1 7.28 
Rod Cesarean 30.9 7.30 43 22.5 44.8 
Pie Vaginal 17.2 7.20 63 26.2 40.5 na1 Vaginal 30.5 7.15 64 23.7 37.1 

Hag Cesarean 21.1 7.22 54 23.3 39.3 
,q& Cesarean 7.0 
ye1 Vaginal 9.4 

Mon Vaginal 2.2 7.20 62 25.6 39.2 

- - - 

BW Cesarean 4.0 7.20 67 28.3 41.3 

7.10 64 21.4 33.7 
53 23.2 38.4 7.23 
5 0 24.3 41.2 Bark Cesarean 28.1 i.27 

Men Cesarean 39.5 7.30 51 28.3 44.8 

%i Vaginal 0.n 7.18 59 23.5 37.0 
Qib Vaginal 10.5 7.22 92 38.6 51.7 

Average 17.02 7.231 58.4 25.04 40.65 
S.D. 14.41 0.062 10.5 3.89 3.98 

TABLE 111. ACID-BASE BALAXCE 1)URIXG FIRST HOIJI~ OF 10  I N F A N T S  
LEFT ATRIAL SAMPLES 

OXYGEN CO? CONTEXT BUFFER BASE 
TYPE O F  I SATURATION 1 pli I 1'('01 1 MEQ./I.. 
DELIVERY (PER C E N T )  BLOOD hi?[. I[G PLA S I f A  I BLOOD 

MEQ./I.. 

7.31 :I 7 21.3 42.0 
- 20 4 44.5 ', y 

Woo Vaginal 93.8 
7.43 

3 1 22.8 40.5 
JaC Cesarean 91.7 

7.22 
4b  21.2 40.3 

Ric Cesarean 88.1 
Burn Vaginal 94.9 7.22 
Tho Va5na l  97.4 7.20 42 21.7 
Hal Vaginal 93.2 I .-(i 28 18.6 
Bea Cesarean 94.0 I ..,3 41 24.2 

- *, 
r 0 -  

42.8 
39.5 
46.8 

i.Z'.? 24 16.2 37.5 
*3 8 19.5 41.1 

Mag Cesarean 96.0 
Me1 Vaginal 94.0 7.29 
Del Vagin:tl 95.2 7.41 21 20.2 46.4 

Average 93.83 7.204 3S.8 20.62 42.17 
S.D. 2.55 0.023 7.3 2.27 3.39 

TABLE 1V. ACID-BASE BALANCE AT THIRD EIOIJR OF 7 I N F A N T S  
LEFT ATRIAL SAMPLES 

OXYGEN 
TYPE O F  MEQ./L. 

PLASMA BLOOD 

7.29 4 6 22.5 41.9 
36 22.6 46.3 

W d  Cesarean 95.1 7.35 39 23.4 44.8 
Eurk Cesarean 95.1 7.31 39 21.3 42.4 

r 9- 
Cesarean 98.0 

Re Vaginal 94.4 I .3 I 

D ~ C  Vaginal 94.4 7.35 41 22.9 45.2 

Vaginal 92.6 7.35 35 21.2 43.2 
Average 94.69 7.341 38.3 21.87 43.94 

Per Vaginal 93.2 7.37 32 19.2 43.8 

S.D. 1.73 0.030 6.1 1.42 1.58 



398 

TYPE OF 
DELIVERY 

THE JOIJRNAL OF PEDIATRICS 

SATURATION 1 PH 1 PCO, 1 MEQ./L. 1 MEQ./L. 
(PER CENT) BLOOD MM. HG PLASMA BLOOD ' 

PH P 
Birth (Umb. A.) 7.23 <.01 
nuring first hour 7.30 <.OS 
At  third hour 7.34 <.o1 
At  24 hours 7.41 >. lo  
Maternal 7.39 

Bir Vaginal 86.4 7.45 30 22.5 

R e U  Cesarean 86.9 7.49 37 20.5 
Cro Vaginal 97.5 7.42 33 21.9 

- Pro, p CONTENT p BASE p 
58.4 < . O l  25.04 <.0l - 1  40.7 >.lo 
38.8 <.02 20.62 >. lo  42.2 >.50 
38.3 <.01 21.87 <.05 43.9 <.05 
33.6 >.lo 21.38 >.05 1 44.7 <.01 
31.7 1 19.9'3 1 47.8 

TABLE VI. STATISTICAL COMPARI~OX OF INFANT BLOOD V ~ t r - E S  AT EACH TIXE WITH 
MATERNAL CONTROLS* 

*P values less than 0.05 are  taken to represent StatisticaIIy significant differences b e t w d  
maternal and infant values. 

there is no statistical difference be- 
tween the means of maternal and in- 
fant pH,  Peoz, and CO, content. The 
newborn child would seem to move 
toward the level of pH and Pcoe to 
which he was exposed in utero. 

Fig. 1 is a plot of the pII and CO, 
content data taken from Tables I-V, 
showing the changes which occur 
through time with respect to our nia- 
tcrnal control values and to normal 
adult values cls given by Peters and 
Van S l ~ k e . * ~  

I n  Fig. 2 the results obtained by 
Graham and Wilson5 from hcel capil- 
lary blood of 24-hour-old infants i s  
presented. In th is  method. blood is 
ohtained hy pricking the hcel and col- 
lrcting the blood under mineral oil. 
The ensuing crying of the infant and 

the possible loss of CO, into the mirl! 
era1 oil may cause variation from basal 
arterial values. The results of Marl 
ples and Lippard, for veizous blood od. 
1- to 8-day-old infants are shown kl 
Fig. 3. (Comparable arterial blood d 
these infants could be expected to con* 
tain 1.5 to 2 mEq./L. less CO,, bring- 
iiig thcse data even closer to the ran@ 
o f  inatcrnal control values.) The re- 
5ults of thcse laboratories tend to con- 
firm our finding that although new- 
Iwrn i i ifarits have a CO, deficit with 
rwpect to nornial adiilts, no such defi- 
(.it csists with respect to pregnant 
\:wincn ncar tcriii. 

73uffcr base rises stcadily from birth 
to a Intaxi level of -&I 7 w ~ < ~ . , / T J .  Of 
i t  hole hhod at  age 2-i hoiirs, a vdue 



PH 
@I = Umb. A. av af birfh, N.21 
@=During I hr av, N=IO 

@ = Av of 3hrs., N=7 
e = 24 hr ay, N.14 

0 = Individual of 24 hrs 

@g. 1.-The ordinate is mEq./L. plasma COX The abscissa is pH. The curved lines 

of normal adult arterial values. The lower quadrilateral represents the range of 
isobars and are  logarithmically spaced. The upper quadrilateral represents the 

arterial values, with one S.D. from the mean indicated by broken lines. 

z.-,<apillary (arterial) blood--24 hours of age. Data of Graham and Wilson5 plotted 
Clrcles. The quadrilaterals reoresent nox nial arterial values and data  from Pregnant 
respectively, as in Fig. 1. 
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but lower than the mean normal adult 
which is higher than the maternal level 

value of 49 mEq./L.21 acidosis. 
organic acids leading to a 
tion and accumulation of intermedia 

P H  
Fig. S.-Venous blood-ages 1-8 days. Data of Marples and Lippard? plotted as open 

circles. Upper quadrilateral, outlined by dashed lines, includes additional range of adult 
normal venous blood. Lower quadrilaterals are as for Figs. 1 and 2. 

DISCUSSION 

From the data of Tables I-VI and 
Fig. 1, i t  appears that after the stress 
of parturition the homeostatic mecha- 
nisms of the newborn are directed to- 
ward attaining a p H  and Pco2 which 
existed in utero. In reviewing the 
early work attempting to establish the 
relation between maternal and fetal 
CO, tension, Barcroftz* concludes that 
only a small difference should be ex- 
pected. B a r r ~ n , ~ ~  in careful experi- 
ments on sheep, has shown that the 
alkali reserve of the cwe and that of 
i t s  ncar-tcrm fetus are almost identi- 
pal. 

Prcvious ilttenipts to explain the 

of newhorn infants dealt chiefly with 
two Iiypotlrc~scs, as  follows : (1) the 
possihility that fiypcrventilatioii due 
to  ano i i a  wusc~d lowring of PcoZ anit 
(2 )  the possibility that anaerobic nie- 
taholism caused lessened CO, produc- 

IOW I’vo, i i t r (1  (’0: <*ont(’ltt of the hlootl 

~ y p ~ r v e n ~ ~ ~ ~ ~ ~  Bue to Anoxia 
Hypothesis.-Graham a n d Wilson 
have explained the low Pco2 of babies 
a t  24 hours of age as the result of 
hy~erventilation due to anoxic stirnu* 
lation of the aortic and carotid cheme 
receptors. During the first hour of 
life, they noted oxygen saturation of 
capillary blood from the heel to the level 
of 85 per cent, corresponding to an 02 
tension of 50 mm. Rg. They do not 
state whether the heel was arterialized 
by warming prior to sampling. Per- 
sistent cyanosis of the feet is common 
in healthy infants during the first daf 
and probably represents local circula- 
tory stasis rather than systemic arte- 
rial tltwitiiration. Left atrial satura- 
tions during the first clay are given 
i n  Tables 111-V. The saturation is 
aboiit ‘34 per cent during the first hour 
i11 l (I  does not change apprecia1)Iy with 
time. These results confirm our suspi- 
cion that Reel capillary blood may not 
represent true arterial samples. 



we may assume that  the respiratory 
center of the fetus in utero adapts to 
the low I’co2 ~wvironnient supplied by 
its mot1ic.r and that the risc in I’co- 
during parturition supplies one of the 
cheniical drives to respiration, subse- 
quently. It is known in animals that 
experimental elevation of maternal 
pCoL will cause respiratory mo\ emcnts 
of the fetus in utero.2G 

The exact nature of the hypoxic 
chemoreceptor drive to respiration in 
newborn infants is not clear. Cross 
and Warnerz7 have demonstrated a 
small rise in minute volume during 
the first wcek of life in infants cx- 
posed to an atmosphere of 15 per cent 
02, while Miller and BehrleZ8 have not 
recorded such a rise in infants, one 
day old or less, given 12 per cent 0, 
(approximate alveolar Po, of 50 mm. 
Hg). Thus, the level of arterial Po, 
at which Graham and Wilson postulate 
a strong hypoxic stimulus may not 
actiially produce one. Moreover, the 
recent work of James and R o w z 9  indi- 
cates that w r y  low oxygen tensions 
cause profound circulatory changes 
which furthcr decrease systemic arte- 
rial saturation. TTowever, both Cross3” 
and Miller?’ agree that CO, is a potent 
stimulus to respiration. We postulate 
that the low Pco? of the newborn a t  
24 hours represents the end results of 
the respiratory center’s efforts to at- 
tain a level of PCO, similar to that to 
which it had been exposed in utero. 

Anaerobic Metabolism With Produc- 
tion of  Organic Acids and Metabolic 
Acidosis Hypothesis.-Wilson and his 
&8soeiates3 postulated that anaerobic 
metabolism, with diminished CO, pro- 
quction, accounted for  the low plasma 
kc@ content of newborn infants. They 
h h i i  the prolonged survival time of 

newborn laboratory animals made sc- 
vc.rcly anoxic as additional proof of 
tliv role of anaerobic met abolism in 
young animals. IIowever, the ability 
of young laboratory aniiiials to survive 
anoxic stress is not necessarily proof 
of incrcased capacity fo r  anaerobic mc- 
taholisnr over that of the adult. Vil- 
lee and Kimmelstie132 have calculated 
that anaerobic glycolysis will probahly 
not provide sufficient cnergy to CY- 

plain survival in these animals. Mort- 
ovcr, in clinical obstetrics, the infant 
can withstand only a few minutes of 
anoxia such as might occur during im- 
paction of the shoulders. 

Graham and co-workers4 have shown 
the  plasma “ R ”  fraction (which con- 
sists largely of organic acids) to be 15 
mEq./L. fo r  24-11 o u r-old infants, 
whereas that of the adult is only 10 
niEq./L. ~ i i i h i i , ? ~  in discussing fetal 
tissue metabolism, states, (‘ The acido- 
sis deiiionstratcd, in the newborn is 
largely due to organic acids, chiefly to 
pyruvic and lactic acids . . . ”  The 
blood pyruvate level he observed was 
1.18 mg. per cent or  0.52 mg. per cent 
a1)ove adult levels. Gonzales and Gard- 
11er’~ have shown a similar difference 
in pyruvate level between infants dur- 
ing the first 24 hours of life and preg- 
nant women. Such a difference would 
contribute about 0.1 mEq./L. of 
plasma to the excess “ R ”  value. 
Blood lactate levels in somewhat older 
infants were found by Brehme35 to be 
8 nig. per cent above adult levcls, which 
n o d d  contribute o n 1 y a b o u t 1.2 
niEq./L. of plasma to the “ R ”  value. 
Thus, the products of anaerobic gly- 
colysis account for only one-quarter of 
the excess “R”  value. Leopold and 
B e r ~ i h a r d ~ ~  found no relation between 
lactate level and GO, combining power 
in older children. 
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The data of Tables 11-V indicate 
that buffer base rises steadily after 
birth, but that  at 24 hours i t  is still 
below the normal adult level of 49 
mEq./L. (though higher than the ma- 
ternal level). Reduction of buffer base 
means, by definition, metabolic acido- 
sis. However, i t  is not necessary to 
assume that this acidosis is a result of 
increased capacity of the fetus and 
newborn for  anaerobic glycolysis. Hol- 
aday and have demon- 
strated in anesthetized man and ani- 
mals that CO, retention is capable of 
producing a prolonged fall in buffer 
base by a mechanism yet to be eluci- 
dated. The work of Singer and his col- 
leagues, quoted by Dripps and Sever- 
i n g h a u ~ , ~ ~  indicates the possibility of 
migration of hydrogen ion from the 
cell to the extracellular fluid during 
CO, retention. It is possible that CO, 
retention during parturition induces a 
similar change in the human infant. 
Further investigation of the acid-base 
balance of the fetus in utero is neces- 
sary to answer this question. 

SUMMARY A N D  CONCLUSIONS 

In e ~ r a l ~ ~ a t , i n ~  the s i ~ n i ~ e a n e e  of the 
low Pco- and C 0 2  content in the blood 
and plasma of newborn infants, con- 
sideration should be given to the fact 
that, this state also exists in the preg- 
nant woman during the last trimester. 
Tnterprctations of the status of the 
newborn infant’s respiratory drives 
and arid-base mctaholism made with 
respect to normal adult values may be 
in isleadiit g. 
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